Understanding factors influencing natural variation in population size and structure, demographic 80 rates, and movement has long been a central research focus for population ecologists. Despite well-81 developed theories over the last half century demonstrating the importance of spatial structure in 82 shaping spatio-temporal population dynamics (e.g., Huffaker 1958 , Hanski 1999 , Elner et al. 2001 , the 83 field of population ecology remains, by and large, unconcerned about within-population spatial 84 processes and their effects on populations. Ecologists routinely study such processes as how 85 individuals use space within their home range, how they perceive connectivity of the landscape, 86 interact with other individuals of the same or other species and how survival or recruitment might be 87 impacted by landscape heterogeneity. However, the population level implications of these processes 88 are not widely studied. Instead the focus is at the individual level, often by studying only a few 89 individuals, with no accounting for how those individuals are sampled from the population. Extending 90 inferences from the individual to the population is not straightforward and in some cases not even 91 possible without a formal statement of a population model linking the sample to the true state, and a 92 description of the sampling process. 93 Much of what drives the spatial ecological processes that give rise to spatio-temporal 94 population dynamics is the structure and configuration of the landscape (Turner et al. 2001 ). In fact, 95 linking landscape structure to ecological processes is the primary focus of landscape ecology. This focus 96 on how spatial structure influences ecosystem composition, structure, and function (Turner et al. 2001 ) 97 by definition, avoids any assumption about spatial homogeneity. When related to animal populations, 98 the tendency in landscape ecology is to focus on movement processes, specifically landscape In practice, populations distributed widely in space must be studied by observing a sample of 114 individuals, sometimes only a very small fraction, at only a few time points and at only a few locations. 115 In some cases, individuals can be continuously monitored (e.g., by telemetry), but in general it is not 116 possible to observe the status of animals perfectly -either their demographic status, their location, or 117 even whether or not they are alive. This is one of the key considerations that has motivated the 118 development and widespread adoption of capture-recapture methods which are now ubiquitous in 119 ecology (Williams et al. 2002; Cooch & White 2006) . 120 For decades, capture-recapture methods have been the cornerstone of ecological statistics as 121 applied to population biology (Nichols 1992 , Williams et al. 2002 . At their core, capture-recapture 122 models are the canonical class of models for "individual encounter history" data. These data are 123 obtained by capturing or encountering individuals (e.g., using camera traps, acoustic sampling, non-124 invasive genetic sampling, or direct physical capture), marking them, and observing them over time. our ability to quantify and study spatial processes using encounter history data. Spatial capture-139 recapture represents an extension of classical capture-recapture and allows for both the spatial 140 organization of sampling devices and the spatial information that is inherent in essentially all studies of 141 animal populations, i.e., spatial encounter histories. 142 Although a relatively recent advance in the field of statistical ecology (Efford 2004), the past 143 decade has seen an explosive growth in SCR methodological development and applications (Box 1).
144
Spatial capture-recapture provides a quantitative framework that links ecological processes at the 145 individual and population levels. SCR promises the integration of models (hypotheses) of within-146 population dynamics with "population level" parameters and dynamics. Thus, SCR has proven to be 147 more than simply an extension of a technique, but has emerged as a flexible framework that allows In this review, we describe the basic elements of spatial capture-recapture and how SCR 160 methods advance spatial population ecology by providing a unified framework that integrates 161 important concepts and elements of population ecology and landscape ecology. As such, the 162 framework allows for the study of density, movement, resource selection, landscape connectivity, and 163 other spatial population processes using ordinary encounter history data. Finally, we discuss new 164 6 directions in the study of animal populations that are made possible by the existence of spatially 165 explicit capture-recapture methods.
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THE ELEMENTS OF SPATIAL CAPTURE-RECAPTURE
167
Traditional capture-recapture (CR) models were largely motivated by a formal statistical sampling view 168 of how individuals are encountered by sampling, with little or no direct consideration given to the 169 fundamental spatial nature of the sampling. As a result, traditional CR models represent, in essence, 170 "fish bowl" sampling -that is, a system that is devoid of any meaningful spatial context. This leads 171 immediately to several important technical concerns that arise in the application of traditional CR to 172 the study of animal populations which are necessarily spatially explicit. 173 One important deficiency with classical closed population models is the inability to directly 
SCR -A DECADE OF DEVELOPMENT AND APPLICATION
272
As SCR methods were first appearing more than 10 years ago, the motivation for their development 273 and use was exclusively as a technical device for resolving specific technical limitations of ordinary Modeling landscape connectivity 333 One of the core elements of SCR is the model for encounter probability which we described above as a 334 function of Euclidean distance between activity centers and sample locations (Box 2). However, the 335 Euclidean distance assumption implies a simplistic model of space usage -that individual home ranges 336 are symmetric and stationary. In practice, we expect individual home ranges to be influenced by local 337 landscape characteristics and structure. One approach for accommodating this landscape structure-338 induced asymmetry in space use in SCR models is the relaxation of the Euclidean distance assumption. 339 This is achieved using an alternative distance metric that is related to the landscape through 340 which distance is being measured, thus allowing the degree of asymmetry to be estimated using a The relevance of SCR methods is expanding rapidly because these techniques allow ecologists to 369 explicitly test hypotheses about the mechanisms that drive ecological phenomena as diverse as habitat selection, persistence of rare species, community assembly, invasion, and genetic diversity. The 371 developments described above represent significant contributions to applied population ecology 372 despite their relative infancy, and we believe the potential for SCR in ecology has not yet been fully 373 realized. We highlight specific and potentially fruitful development areas for SCR that have the 374 potential to make further contributions with regard to wildlife population sampling, and/or developing 375 and testing ecological hypotheses. ). Of importance is that these applications fail to utilize the information from animal movements 403 to directly estimate landscape resistance values. 404 We are aware of only one application of using capture-recapture data for formal inference 
Box 1 -New technologies for generating spatial encounter data
The advent of new field-based methodologies for individual identification allows researchers to collect spatial encounter information on individual animals without the need for physically capturing and marking individuals. Additionally, many of the methods are amenable to citizen science approaches (Dickinson et al. 2010) whereby non-professional scientists are engaged in the collection of data (e.g., camera traps, hair snares), providing increased spatial extent of sampling.
Camera Traps: With improvements in camera technology, there are many commercially available cameras (a) with superior digital technology that provide still photographs and videos to capture species that are elusive and otherwise difficult to capture. Individuals can be identified from photographs for species that possess distinctive natural marks (e.g., Andean bears (b), tigers (c), wolverines (d), bobcats, jaguars, snow leopards, and others).
a b c d
Non-Invasive Genetic Sampling (NGS): NGS allows for the identification of individuals without direct observations via the extraction of DNA from samples. Genetic data can be collected from scat, hair, feathers, shed skin, saliva, and urine. Two common methods of obtaining genetic samples are by using devices that snag hair (i.e., hair snares) (a) and scat detection dogs (b). These methods have been employed on marine and terrestrial mammals (e.g., right whales, black bear, fisher, American mink).
a) Hair Sampling b) Scat sampling
Bioacoustics: Spatially separated microphones or hydrophones can be used to detect species that produce sounds for biological purposes such as defending territories, social calling, and mate attracting. Recent advances in bioacoustics technologies and signal detection and recognition algorithms of spectrographs (left) permit the collection of sounds from species such as mammals, birds, and marine mammals.
